Study on Impact of Discharging Desulfurized Seawater of Coal-fired power plant on Marine Environment and Analysis Method of Typical Water Quality Indexes by 郭娟
学校编码：10384                                     分类号      密级        




   硕  士  学  位  论  文 
                                           
燃煤电厂脱硫海水对海域环境的影响及典型水
质参数分析方法研究 
Study on Impact of Discharging Desulfurized Seawater of 
Coal-fired power plant on Marine Environment and Analysis 




指导教师姓名：袁东星    教授 
专  业 名 称：环  境  科  学 
论文提交日期：2008 年  8  月 
论文答辩时间： 
学位授予日期：    
  













评    阅    人：           




















另外，该学位论文为（                        ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的



































（  √ ）1.经厦门大学保密委员会审查核定的保密学位论文，
于 2013 年 12 月 1 日解密，解密后适用上述授权。 







                             声明人（签名）：郭娟 
















摘 要 ..................................................................................................I 
ABSTRACT ................................................................................... Ⅳ 
第 1 章 绪论 ..................................................................................... 1 
1.1 引言  ............................................................................................. 1 
1.2 海水脱硫技术综述 ....................................................................... 2 
1.2.1 海水脱硫技术的发展............................................................................ 2 
1.2.2 烟气海水脱硫的化学原理及工艺系统................................................ 3 
1.3 烟气海水脱硫的二次污染问题 ................................................... 6 
1.4 国内外相关研究的进展和不足 ................................................... 7 
1.4.1 国内外研究的进展................................................................................ 7 
1.4.2 国内外研究的不足................................................................................ 8 
1.5 本课题的提出及研究内容 ........................................................... 9 
第 1 章参考文献 ................................................................................ 10 
第 2 章 监测方案的建立 ............................................................... 12 
2.1 引言  ............................................................................................ 12 
2.1.1 S 电厂概况 ........................................................................................... 12 
2.1.2 S 电厂周边海域状况 ........................................................................... 12 















2.3 监测因子的选择 ......................................................................... 13 
2.4 分析方法的确立 ......................................................................... 15 
2.5 监测站位及监测频率的确立 ..................................................... 21 
第 2 章参考文献 ................................................................................ 23 
第 3 章 海水样中煤屑及亚硫酸盐快速分析方法的建立 ........... 24 
3.1 海水中煤屑快速分析方法的建立 ............................................. 24 
3.1.1 仪器和试剂.......................................................................................... 24 
3.1.2 结果与讨论.......................................................................................... 24 
3.2 海水中亚硫酸根离子快速测定方法的建立 ............................. 26 
3.2.1 SO3
2- / SO2 的测定方法综述 ................................................................ 27 
3.2.2 实验部分.............................................................................................. 29 
3.2.2.1 仪器与试剂................................................................................ 29 
3.2.2.2 仪器参数.................................................................................... 30 
3.2.2.3 结果与讨论................................................................................ 31 
第 3 章参考文献 ................................................................................ 38 
第 4 章 研究结果及分析 ............................................................... 40 
4.1 引言  ............................................................................................ 40 
4.2 脱硫海水排海前水质的监测结果及分析 ................................. 42 















4.3.1 温度场和泡沫场.................................................................................. 47 
4.3.1.1 电厂附近海域表层水温的实际监测结果及分析.................... 48 
4.3.1.2 温度场及泡沫场的遥感数据分析............................................ 50 
4.3.1.3 电厂温排水对附近海域表层以下水温的影响........................ 58 
4.3.2 煤屑...................................................................................................... 59 
4.3.3 pH 值 ..................................................................................................... 59 
4.3.4 DO ......................................................................................................... 61 
4.3.5 CODMn .................................................................................................. 64 
4.3.6 SO3
2- ...................................................................................................... 67 
4.3.7 SO4
2- ...................................................................................................... 67 
4.3.8 重金属.................................................................................................. 70 
4.3.8.1 Hg ................................................................................................ 70 
4.3.8.2 其他重金属（As、Cu、Pb、Zn、Cd、Cr、Ni） ................. 72 
4.3.9 PAHs ..................................................................................................... 77 
4.4 电厂附近海域海洋生物的监测结果及分析 ............................. 82 
4.4.1 浮游植物的监测结果及分析.............................................................. 82 
4.4.2 浮游动物的监测结果及分析.............................................................. 85 
4.4.3 底栖生物的监测结果及分析.............................................................. 87 
4.4.4 生物体内重金属的监测结果及分析.................................................. 89 
4.5 电厂附近海域沉积物的监测结果及分析 ................................. 89 
4.5.1 硫化物的监测结果及分析.................................................................. 89 















4.5.3 重金属的监测结果及分析.................................................................. 93 
4.6 本章小结 ..................................................................................... 96 
第 5 章 趋势分析及建议 ............................................................... 97 
5.1 趋势分析 ..................................................................................... 97 
5.2 本课题的不足及建议 ................................................................. 98 
攻读硕士学位期间发表的论文 ................................................... 979 













TABLE OF CONTENTS 
 
TABLE OF CONTENTS 
ABSTRACT (In Chinese) ............................................................. Ⅰ 
ABSTRACT (In English) .............................................................. Ⅳ 
Chapter 1 Preface ............................................................................ 1 
1.1 Introduction ................................................................................... 1 
1.2 Review for seawater flue gas desulfurization ............................. 2 
1.2.1 Development of seawater flue gas desulfurization ................................. 2 
1.2.2 Chemical principle and processing system of seawater flue gas 
desulfurization........................................................................................ 3 
1.3 Secondary pollution of seawater flue gas desulfurization ......... 6 
1.4 Reviews for relative researches .................................................... 7 
1.4.1 Progress ................................................................................................... 7 
1.4.2 Shortages ................................................................................................. 8 
1.5 Objective and interests of this research ...................................... 9 
Cited references for chapter 1.......................................................... 10 
Chapter 2 Establishment of the monitoring scheme ................... 12 
2.1 Introduction ................................................................................. 12 
2.1.1 General situation of S coal-fired power plant ....................................... 12 
2.1.2 Marine environment nearby the plant ................................................... 12 
2.2 Content and objective of the monitoring .................................. 13 













TABLE OF CONTENTS 
 
2.4 Set up of the analytical method ................................................. 15 
2.5 Set up of the monitoring sites and frequency ........................... 21 
Cited references for chapter 2.......................................................... 23 
Chapter 3 Development of rapid analysis method for coal 
cuttings and sulfite in seawater ............................... 24 
3.1 Development of rapid analysis method of coal cuttings in 
seawater ............................................................................. 24 
3.1.1 Instruments and reagents....................................................................... 24 
3.1.2 Results and discussion .......................................................................... 24 
3.2 Development of rapid analysis method of sulfite in seawater 
 ............................................................................................ 26 
3.2.1 Review of sulfite determination ............................................................ 27 
3.2.2 Experimentals ....................................................................................... 29 
3.2.2.1 Instruments and reagents ............................................................. 29 
3.2.2.2 Instrumental paramenters ............................................................ 30 
3.2.2.3 Results and discussion ................................................................ 31 
Cited references for chapter 3.......................................................... 38 
Chapter 4 Results and analysis..................................................... 40 
4.1 Introduction ................................................................................. 40 
4.2 Monitoring results and data analysis of desulfuring seawater 
quality before discharging into the sea ..................................... 42 













TABLE OF CONTENTS 
 
nearby the S coal-fired power plant .......................................... 47 
4.3.1 Temperature and foam field .................................................................. 47 
4.3.1.1 Monitoring results and data analysis of surface seawater 
temperature ................................................................................ 48 
4.3.1.2 Analysis of remote sensing data of temperature and foam field 
..................................................................................................... 50 
4.3.1.3 Impact of desulfuring seawater on seawater temperature under 
the surface ................................................................................... 58 
4.3.2 Coal cuttings ......................................................................................... 59 
4.3.3 pH .......................................................................................................... 59 
4.3.4 DO ......................................................................................................... 61 
4.3.5 CODMn .................................................................................................. 64 
4.3.6 SO3
2- ...................................................................................................... 67 
4.3.7 SO4
2- ...................................................................................................... 67 
4.3.8 Heavy metals ......................................................................................... 70 
4.3.8.1 Hg ................................................................................................ 70 
4.3.8.2 Other heavy metals (As、Cu、Pb、Zn、Cd、Cr、Ni) ........... 72 
4.3.9 PAHs ..................................................................................................... 77 
4.4 Monitoring results and data analysis of marine organisms .... 82 
4.4.1 Monitoring results and data analysis of phytoplankton ........................ 82 
4.4.2 Monitoring results and data analysis of zooplankton ........................... 85 
4.4.3 Monitoring results and data analysis of benthos ................................... 87 













TABLE OF CONTENTS 
 
samples ................................................................................................. 89 
4.5 Monitoring results and analysis of sediment samples ............. 89 
4.5.1 Monitoring results and analysis of sulfide ............................................ 89 
4.5.2 Monitoring results and analysis of PAHs .............................................. 90 
4.5.3 Monitoring results and analysis of heavy metals .................................. 93 
4.6 Summary of chapter 4 ................................................................ 96 
Chapter 5 Overall trend analysis and suggestions ...................... 97 
5.1 Trend Analysis ............................................................................. 97 
5.2 Shortages of this research and suggestions .............................. 98 
Manuscripts during the graduate study ...................................... 99 
















本论文研究了燃煤电厂海水烟气脱硫（Seawater Flue Gas Desulfurization, 
SWFGD）工艺造成的海水水质变化，及脱硫海水排放后对附近海域环境的影响。
SO2 是导致大气污染的主要酸性气体之一，给生态环境、人类健康、文化古迹等
带来重大的危害和损失。火电厂是 SO2 的排放大户，因此，有效控制火电厂 SO2



















































（3）2006 和 2007 两个年度监测计划的执行、典型污染物和特征物质的监
测结果的统计与分析、脱硫排水口附近海域的环境变化趋势分析 








影响范围仅局限在排水口附近 100 m 左右的小范围海区内；所监测海域水体中的
Hg 含量与本底值相比增量较大，但沉积物和生物体内的 Hg 含量尚未见增高和
超标现象。随着时间的推移，水体中的 Hg 可能会逐渐在沉积物和生物体内积累，














































The variation of seawater quality and impact of discharging desulfurized 
seawater on the sea area due to the seawater flue gas desulfurization (SWFGD) has 
been studied in this dissertation. It is well known that SO2 is one of the main acid gas 
sources, which can cause serious damage to ecological environment, human heath and 
cultural ashes. Coal-fired power plant is one of the largest pollution sources of SO2, 
therefore effectively controlling SO2 emission of coal-fired power plant is a chief task 
of air pollution treatment. Flue gas desulfurization (FGD) is the most effective and 
main technique for SO2 emission control. The method of SWFGD directly uses 
seawater to remove and neutralize SO2 in the flue gas, and the desulfurized seawater is 
discharged into the sea after aeration process. The method is considered to have the 
advantages of low cost, less investment, system simple and free of solid waste, and 
thus becomes the first choice of FGD for the coal-fired power plants along coastal 
area. As the extension and application of SWFGD, large amount of desulfurized 
seawater has been discharging into the sea, whether it will cause the long-term and 
cumulative effect on the marine environment has become the research hotspot and 
obtained increasingly concerned. 
The aim of this dissertation was to monitor the indexes that could cause possible 
effect of marine environment near S coal-fired power plant based on the results of 
other studies and the operation of the plant. From the monitoring results, the impacts 
of desulfurized seawater on the marine environment and the trend analysis have been 
discussed. The main experiments and results are as follows: 
(1) Establishment of the monitoring scheme 
The monitoring objects included the water quality during the process of SWFGD 
and the water quality, biological quality and sediment quality of the nearby sea area. 
Afterwards the monitoring results were used to evaluate the variation of seawater 
quality and the impact on the sea area. Since the discharging site of a sewage 
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